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The oxidative addition of ethyl acetoacetate to indene
mediated by cerium(IV) ammonium nitrate(CAN) leads
to the formation of 2-(2' -indan-l '-one)-3-oxobutanoic
acid ethyl ester 7 along with two other products, the
dihydrofuran 9 and the methyl ester 10. Similar addition
of dimethyl malonate to indene gives the indanone 11
and the methyl ether 12. A tentative mechanism which
rationalizes the formation of these products is proposed.
The development of radical methodology as a
convenient alternative to ionic processes in
complex carbocyclic constructions'" has given
impetus to the search for novel reagents and
procedures for the generation of radicals. During
the past few years, a number of oxidative methods
mediated by transition metal salts like those of
Mn(III), Co(II), Fe(III), Cu(II), V(V) etc have been
explored" for the generation of radicals. Of these
Mn(OAc)3 has received the most attention4b•d. It
has been known from the pioneering work of Heiba
and Dessau5 and the subsequent investigations of
Kurz6 that Ce(IV) reagents are useful in mediating
carbon-carbon bond forming reactions. Baciocchi
and Ruzziconi have successfully applied this
reaction to a number of systems". Recently we
have demonstrated/'" that for the oxidative
addition of 1,3-dicarbonyl compounds to alkenes,
CAN offers a superior alternative to Mn(OAC)3'In
continuation of our studies, we have investigated
the reaction of ethyl acetoacetate and dimethyl
malonate with indene mediated by CAN and our
results which include some novel observations are
reported here.
Results and Discussion
The oxidative addition of ethyl acetoacetate to
































and 10 and the reaction can be represented as shown
in Scheme 1.
A tentative mechanism which will rationalize
the formation of the products 7, 9 and 10 is shown
in Scheme II. The radical 3 generated by CAN
from ethyl acetoacetate undergoes addition to
indene giving the benzylic radical 4. This radical
can either be trapped':' by O2 to form the peroxyl
radical 5 or be oxidised to the cation 8. Oxidative
fragmentation of 6 would lead to the ketone 7. The
cation 8 cyclizes to the dihydrofuran 9 or gets
converted to 10 by methanol addition. While we
are not aware of a precedent for the mechanistic
interpretations given here it may be pointed out
that when the reaction was done under argon















Analogous to the above reaction, the CAN
mediated addition of dimethyl malonate to indene
afforded products 11 and 12 in 17% and 32% yields
respectively (Scheme III).
It may be noted that the IR spectrum of 7
displayed a single carbonyl absorption at 1714 cm-I
due to coincidental overlapping of all the three
1 12carbony groups .
In conclusion, we have uncovered a
mechanistically interesting reaction of ethyl
acetoacetate and dimethyl malonate to indene and
it appears that the reaction may be of interest in
synthesis.
Experimental Section
Infrared spectra were recorded on a Perkin-
IElmer model 882 spectrophotometer, H NMR and
13C NMR on Nicolet GE-300, Jeol-EX-90 and
Hitachi R24B-60 NMR spectrometers with TMS as
internal standard. Petroleum ether refers to the
fraction boiling between 60-80°C. Silica gel (100-
200 mesh) was used for column chromatography.
All solvent extracts were dried over anhyd.
Na2S04·
Oxidative addition of ethyl acetoacetate to
indene. A solution of CAN (2.52 g, 4.62 mmol) in
methanol (20 mL) was added dropwise to an ice-
cooled, stirred mixture of ethyl acetoacetate (0.311
g, 2.4 mmol) and indene (0.230 g, 2.0 mmol) in
methanol (10 mL). After 30 min, it was diluted
with water (150 mL) and extracted with CH2C12
(3x40 mL). The combined organic extracts were
washed with water, then with brine, dried and
evaporated. The residue obtained on column
chromatography using 5% ethyl acetate in pet.
ether as eluent afforded 9 (0.075 g, 15%) as a pale
yellow oil. Further elution with 10% ethyl acetate
in pet. ether furnished 10 (0.155 g, 15%) and 7
(0.117 g, 22%) as pale yellow oils.
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2-[2' -(Indan-l' -onejl-S-oxobutanotc acid ethyl
+ ester 7. This product is a mixture of isomers. IR
(CH2CI2): 2989 and 1714 em"; IH NMR (300 MHz,
CDCI3): 8 7.65-7.30 (m, 8H, ArH), 4.34-4.04 (m,
6H), 3.48-3.01 (m, 6H), 2.42 (s, 3H), 2.26 (s, 3H),
1.32 (t, J=7.2, 3H, CH2CH3) and 1.06 (t, J=7.2, 3H,
13CH2CH3); C NMR (75.5 MHz, CDCI3): 8205.43,
205~13, 202.34, 201.55, 168.24, 168.22, 153.33,
153.25, 135.01, 134.01, 127.02, 126.02, 124.11,
61.93, 61.73, 59.48, 59.15,_ 46.97, 46.42, 31.14,
31.05, 30.31, 29.83, 14.28 and 13.96 (Found: M+,
261.1195. CIsH1704 requires M+, 261.1126).
Dihydrofuran 9. IR (CH2CI2): 2944, 1698 and
1646 cm'; IH NMR (60 MHz,.CCI4): 8 7.40-6.91
(m, 4H, ArH), 5.75 (d, J=9.0, IH, CHO), 4.02 (q,
J=7.2, 2H, OCH2), 3.83-3.63 (m, IH, CHCH2), 3.35-
3.02 (m, 2H, CH2), 2.10 (s, 3H, CH3) and 1.23 (t,
J=7.2, 3H, CH2CH3); 13CNMR (75.5 MHz, CDCI3):
8 167.88, 166.30, 143.41, 140.61, 129.75, 127.22,
125.85, 125.62, 106.57, 90.10, 56.91, 45.46, 39.29,
14.75 and 14.63 (Found: M+, 244.1076. CIsHI603
requires M+, 244.1099).
2-[2' -(1' -Methoxyindanjj-Scoxobutanolc acid
ethyl ester 10. This product is a mixture of isomers.
IR (neat): 2940, 1745 and 1716 em"; IH NMR (90
MHz, CDC13): 8 7.42-7.11 (m, 4H, ArH), 4.63 (dd,
J=5.3, 4.4, IH, CHOCH3), 4.08 (q, J=7.3 Hz, 2H,
OCH2), 3.50-3.42 (m, IH), 3.38 (s, 3H, OCH3),
3.24-3.14 (m, 2H, CH2), 2.66-2.37 (m, IH, CH),
2.22 (s, COCH3), 2.19 (s, COCH3) and 1.19 (m,
CH2CH3); 13C NMR (22.4 MHz, CDC13): 8 201.8,
201.4, 1-68.4, 168.3, 141.3, 141.2, 140.9, 140.8,
128.1, 127.9, 126.1, 124.5, 124.1, 86.7, 86.5, 62.4,
62.1, 60.8, 55.9, 55.3, 44.2, 43.2, 34.1, 33.7, 28.5,
28.2 and 13.4; GC-MS: m1z 246 (MH+-OCH3, 25),
198(92), 170(30), 155(55), 128(100).
Oxidative addition of dimethyl malonate to
indene. To an ice-cooled mixture of dimethyl
malonate (0.330 g, 2.5 mmol) and indene (0.350 g,
3.0 mmol) in methanol (10 mL) was added a
solution of CAN (3.15 g, 5.75 mmol) in methanol
(30 mL). The reaction mixture was stirred at this
temperature for 1 h and then at room temperature for
2 h. It was worked up by the procedure described
above and the residue was purified by column
chromatography. Elution with 10% ethyl acetate in
pet. ether afforded 11 (0.110 g, 17%) and 12 (0.221
g, 32%) as pale yellow oils.
2-[2' -(Indan-l' -onejlpropanedioic acid
dimethyl ester'" 11. r:R (CH2C12): 2959, 1742 and
1726 em"; IH NMR (300 MHz, CDCI3): 8 7.80-
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7.39 (m, 4H, ArH), 4.20-4.14 (m, 1H), 3.82 (s, 3H,
CaaCH3), 3.68 (s, 3H, CaaCH3), 3.48-3.34 (m,
IH) and 3.28-3.21 (m, 2H, CH2); '3C NMR (75.5
MHz, CDC13): 8 204.43, 169.18, 168.28, 153.30,
135.06,127.70,126.63,124.24,52.90,52.72,51.72,
46.77 and 30.94 (Found: M+, 262.0823. C'4H'40S
requires M+, 262.0841).
2-[2' -(1' -Methoxyindan)propanedioic acid
dimethyl ester 12. IR (CH2C12): 2958, 1757 and
1736 cm-' : 'HNMR(300MHz,CDCl3): b 7.41-7.20
(m, 4H, ArH), 4.78 (d, J=6.0, IH, CHOCH3), 3.74 7
(s, 3H, CaOCH3), 3.72 (s, 3H, COOCH)), 3.52-3.48
(m, IH), 3.44 (s, 3H, OCH3), 3.36-3.28 (m, 1H) and
3.16-3.06 (m, 2H, CH2); I3C NMR (75.5 MHz,
CDC13): 8 169.09, 168.99, 141.99, 128.81, 126.90,
125.21, 125.16, 87.28, 56.26, 54.51, 52.56, 44.53
and 34.69 (Found: M+, 278.1148. C,sH,sOs requires
M+, 278.1154).
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Subsequent to the submission of this paper and the
completion of its review by the referee an independent
synthesis of 7 has appeared (Ref: Ei-ichi Negishi et al., J
Am Chem Soc, 118(25), 1996, 5911-5917). It may be
noted that the spectral data of our compound is identical
with that reported in the paper.
